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SERUM IRON LEVELS IN NORMAL AND ANEMIC HORSES
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INTRODUCTION

WHEN REVIEWING the literature on iron meta-
bolism in the horse, Kolb (6) emphasized the
disparity in the reported normal serum values.
The present paper reports a study of the effect
of age, sex, breed and diurnal variation on
serum iron concentration and total iron bind-
ing capacity (TIBC). Also reported is the alter-
ation in serum iron concentration in anemia
produced by (a) experimental equine infectious
anemia (EIA), (b) hemolysis due to phenothia-
zine administration, and (c) repeated moderate
hemorrhage.

MATERIALS AND METHODS

Normal horses: The population distribution of
serum iron concentration and TIBC was deter-
mined in 18 Thoroughbred horses, 33 Quarter
horses, three Thoroughbred X Quarter horses,
14 Arabian horses, two Paint, two Appaloosa,
two Welsh, two American Saddle, one Tennes-
see Walking horse and eight Shetland ponies.
The animals were between one and 16 years
old. The same parameters were measured daily
in four Standardbred horses which had been
stabled for several months. To minimize the
effects of diurnal variation blood samples from
these four horses were withdrawn at approxi-
mately 9 a.m. each day. All horses were clini-
cally normal. They were fed 1.5 kg of oats/100
kg bodyweight between 8 and 9 a.m. and a
generous quantity of good quality prairie hay
after 2 p.m. Water was provided ad libitum.

Diurnal variation in serum iron concentration
was studied in three healthy Shetland ponies.
They were fed the standard ration of oats be-
tween 8 and 9 a.m. and hay after 2 p.m. Blood
samples for serum iron determination were
taken approximately every three hours for 88
hours. Total iron binding capacity of serum
was measured once each day.
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Anemic horses: Experimental EIA was pro-
duced in three Shetland ponies by whole blood
inoculation from an infected animal. The ponies
were bled daily for 60 days after injection.
They were then killed and EIA confirmed at
necropsy. A more extensive report of this ex-
periment has been published (10).

Non-infectious hemolytic anemia was pro-
duced in four Shetland ponies by administer-
ing 20 gms of phenothiazine orally. Blood
samples were withdrawn daily from each of
these animals on three days before dosing and
for 20 days after dosing.

Experimental acute hemorrhage was pro-
duced by bleeding three horses of 12WX of the
calculated blood volume on each of days 1, 3,
7, 10, 14, 17, 20 and 24. Blood volume was
considered to be 75 ml/kg bodyweight. Blood
samples were taken before and occasionally in
the interval between each phlebotomy.

For serum iron and TIBC determinations, 10
ml blood was withdrawn from the jugular vein
into plastic sterile syringes using an 18 gauge
needle. After two to three hours standing at
room temperature, serum was separated by
centrifugation at 2500 rpm for ten to 20 min-
utes and then stored at 40 C until analyzed.
Iron concentration and TIBC were measured
by standard procedure (4). All determinations
were made using an Hitachi Coleman 101 spec-
trophotometer with a 100 mm light path. In-
cluded with each batch of specimens was a
control iron solution containing 200 ,ug/100 ml.
Mean value of the optical density of this stan-
dard was 0.191, range 0.185-0.193 in the entire
study. To test the reproducibility of the pro-
cedure, 12 serum samples were analyzed be-
fore and after frozen storage for one month.

RESULTS

The reproducibility of the analytical pro-
cedure was evaluated. Twelve serum samples
were kept in frozen storage for one month. The
serun iron concentration was determined be-
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TABLE I
SERUM IRON CONCENTRATION AND TIBC OF NoRMAL HORSES,

VARIATION DUE TO BREED, AGE AND SEX

Serum'
Iron

Number Concentration TIBC'
Animals ,ug/100 ml ,ug/lOOml

A. Breed
Arab 14 129429 189417
Quarter Horse 33 154434 337449
Shetland 8 106431 344462
Thoroughbred 18 109412 297±47
Others 12 110426 246±29

B. Age
Under 5 years 36 134±32 294±47
6-9 years 23 124±35 281±60
Over 10 years 21 130±29 303±38

C. Sex
Male 39 128±28 298426
Female 42 132434 282448

'mean ± S.D.

fore and after storage. The mean concentration
of the 24 determinations was 80.5 LAg/lOO ml
and the standard error of deviation was 1.48
,ug/100 ml.

Table I shows the age, breed and sex varia-
tions in serum iron concentration and TIBC in
85 normal horses. The three crossbred horses,
two Paint, two Appalloosa, two Welsh, two
American Saddle and one Tennessee Walking
horse have been included in this table under
the heading of "others." Mean value of serum
iron concentration in the total population was
130 + 27 ,ug/100 ml. The 33 Quarter horses
had higher serum iron concentrations, 154 +
34 ,ug/100 ml than did the other breeds. Mean
coefficient of variation of serum iron concentra-
tion for the five breed groups was 21.6%. The
TIBC of the serum of the Arabian horses, 189
+ 17 ,g/100 ml, was significantly lower (P <
0.01) than that of the other horses. Horses in-
cluded in the grouping "others" had signifi-
cantly lower TIBC of the serum, 246 + 29 ,ug/
100 ml, (P < 0.05) than Quarter horses,
Thoroughbreds or Shetland ponies which had
concentrations of 337 ± 49 ,g/100 ml, 297
+ 47 ug/100 ml and 344 ± 62 jug/100 ml
respectively. No age or sex differences were
found in the serum iron concentration or TIBC
values.
The relationship of serum iron concentration

to TIBC of the serum showed breed differences.
The mean saturation of siderophilin in Arabian
horses was 68.3%, in Quarter horses 45.7%, in
Shetland ponies 30.8%, in Thoroughbred horses
36.7% and in the other breeds 44.7%.
To study the daily variation in serum iron

concentration and TIBC, blood samples were

withdrawn at the same time each day for 21
days from four stabled Standardbred horses.
Mean and range for each value are contained
in Table II. These values showed less variation
than the random samples from the populations.
However, on a daily basis the values were not
constant. It is unlikely this daily fluctuation
was associated with external factors as these
animals had been stabled, fed a standard diet
and were accustomed to their surroundings
and attendants.

Figure 1 shows the diurnal changes in serum
iron concentration in three Shetland ponies.
No consistent diurnal pattern was observed.
Increased serum iron concentrations always
occurred after the hay ration had been fed
in the early afternoon. A similar response
was not consistently observed following the
feeding of the cereal ration. The mean TIBC
of the serum in four random blood samples
taken from each horse were 432, 316 and 373
,ug/100 ml. The corresponding serum iron con-
centrations were 187, 127 and 133 ug/100 ml
and siderophilin saturations were 43.3%, 40.1%
and 35.6%. In each horse, hematocrit showed
small variations (± 2% of the initial packed
cell volume).

Figure 2 shows sequential changes in serum
iron levels in horses with anemia caused by
acute EIA, phenothiazine toxicity and repeated
exsanguination. The initial response to each
anemia was an increased serum iron concentra-
tion. In the horses subjected to repeated phle-
botomy this initial response did not persist and
low serum iron concentration became pro-
nounced although these animals continued in
good appetite and showed no clinical reaction
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TABLE II
MEAN AND RANGE OF SERUM IRON CONCENTRATION AND TIBC
IN 21 CONSECUTIVE DAILY BLOOD SAMPLES FROM FOUR HORSES

Serum Iron TIBC
Concentration of Serum % Saturation

Horse ;&g/100 ml ;&g/100 ml of Siderophilin

1 193 306 63
(165-234) (282-345) (55-71)

2 235 380 62
(190-282) (350-435) (48-72)

2 219 271 81
(200-258) (240-300) (65-91)

153 258 59
4 (106-188) (240-282) (44-67)

D.71 Myq2

FIGURE 1. Diurnal variation in
centration in three nornal horses.

Serum
Iron
Concentratimns
Ug/loomi ]

190

170

150

130

110

90

70

50 1--
Control 6 12

Days

FIGuRE 2. Serum iron concent
and anemic horses: A-(open
horses, B-horses with phenotbia;
EIA affected horses, D-orses und
hemorrhage.

to the experimental procedure. The horses with
EIA did not develop low serum iron concen-

-V \ j\ trations even though they became quite weak
/ X and lost considerable body weight.

A/I i DIscussIoN
_ \S,<t The serum iron concentrations in Thorough-

breds and Shetland ponies (108,ug/100 ml)
are similar to reported values for other normal
horse populations (6, 9, 10). Seckington et al
(13) reported mean serum iron concentration
of six recently foaled, aged, grass fed mares to

3W 12 6-D ibe 107,ugI100 ml (range 58-191 1.g/100 ml).
In that study, ten grass fed, barren mares were

serum iron con- found to have mean serum iron concentration
of 153 jug/100 ml (range 114-193 ,ug/100
ml); the corresponding values for nine stable
fed horses, diet not reported, was 144 ug/iO0(
ml (range 70-216 ,ug/100 ml). Kolb (6) has
reported the TIBC of the serum in eleven
healthy horses as 200 ,g/100 ml whereas other

\.B workers (9, 10, 11) reported TIBC values in
the order of 330 ,ug/100 ml and Seckington et
al (13) reported 720 ,g/100 ml and 592 pg/

- a ° 100 ml for grass fed and stabled horses respec-
0 tively.

The Shetland ponies had significantly lower
percentage saturation of siderophilm as com-

O .c pared with all breeds except the Thoroughbred
horses. In contrast, the Arabian horses had sig-
nificantly greater percentage saturation of side-
rophilin. Decreased amounts of siderophilin in
plasma of man have been reported in hemolytic
anemia (1). Increased percentage saturation
occurs in hemochromatosis (2). Neither of
these conditions was apparent in the Arabian

18 24 30 horse.. It has been shown that there are several
siderophilin moieties in horses, each under in-

tration in normal dividual genetic control (3). One possible ex-

circles ) normal planation for the low siderophilin levels in Ara-
zne toxicity, C- bian horse plasma may be genetically deter-
lergoing repeated mined shorter half-life of this protein.

The data in Figure 1 suggest that feeding
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may have an important influence on serum iron
concentration, adding confirmation to the work
of Schutzler and Wiedner (12). Factors known
to affect the rate of iron absorption are rate of
erythropoiesis (8) and level of saturation of
siderophilin (5). In this present experiment,
hematocrit remained constant, and TIBC and
percentage saturation of siderophilin were nor-
mal. Thus increased erythropoiesis or under-
saturation of siderophilin were not likely to
exist in these horses. Figures 1 and 2 show that
except in extreme conditions, serum iron con-
centration has limited value for clinical inter-
pretation.

SUMMARY

Serum iron concentration and total iron bind-
ing capacity (TIBC) were determined in 85
unrelated horses, one to 16 years old. Mean
serum iron concentration was 129, 154, 106,
and 109 ug/100 ml and mean TIBC was 189,
337, 344, and 297 ,ug/100 ml for Arabian
horses, Quarter horses, Shetland ponies and
Thoroughbred horses, respectively. No age or
sex differences were found. As normal ranges
for these parameters are so large, individual
serum iron or TIBC determinations have little
clinical value.

Serum iron concentration was labile and
increased after feeding. The initial response to
anemia due to infection, toxicity or repeated
blood loss was increased serum iron concentra-
tion. Only in those horses subjected to repeated
hemorrhage was there a marked decrease in
serum iron levels following the initial rise.

Rksum-

Cette etude visait a determiner la teneur en
fer du serum ainsi que la capacite totale de ce
dernier a le fixer (TIBC), chez 85 chevaux
ag6s de un a 16 ans et ne poss6dant aucun lien
de parente. La concentration moyenne du se-
rum en fer 6tait de 129, 154, 106 et 109 ,ug/
100 ml, tandis que la moyenne de la TIBC 6tait
de 189, 337, 344 et 297 KLg/100 ml, selon qu'il
s'agissait de chevaux arabes, de "Quarter
horses," de poneys Shetland ou de chevaux
Thoroughbred, independamment de r'age ou
du sexe. Comme ces parametres comportent
normalement de grandes variations, la valeur
clinique des determinations individuelles du fer
serique ou de la TIBC demeure negligeable.

La concentration du serum en fer s'av6rait
instable et augmentait aprs les repas. La re-
ponse initiale a une an6mie cons6cutive 'a une
infection, A une intoxication ou a des pertes de
sang repet6es consistait en une augmentation
de la teneur en fer du serum. Seuls les chevaux
soumis a des saign6es rep6t6es subissaient une
diminution appreciable de la teneur du s6rum
en fer, consecutivement 'a raugmentation initiale.
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